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(54) OPTICAL HEAD 

(11) 63-211130 (A) (43) 2.9.1988 (19) JP 

(21) Appl. No. 62-44210 (22) 27.2.1987 
(71) SONY CORP (72) AKIO YAMAKAWA 
(51) Int. Cl\ G11B7/09,G02B7/11,G11B7/135 

PURPOSE: To omit a coma aberration correcting optical element, to reduce 
. the number of parts and to easily assemble the parts by forming a wave front 
phase correcting layer for correcting a coma aberration on the surface of an 
optical element for generating astigmatism. 
CONSTITUTION: The wave front phase correcting layer lb for correcting me 
coma aberration of the plate-like optical element (half mirror) 1 for generating 
astigmatism by passing a focus error detecting reflected beam from a recording 
medium is formed on the surface of the optical element 1. Since harmful coma 
aberration secondarily generated by the optical element 1 itself can be complete- 
ly removed by its own optical element 1 through the correcting layer lb, ordi- 
nary coma aberration correcting optical parts can be omitted. Thereby, the 
number of parts can be reduced and assembling can be made easy because 
the optical element difficult in fitting adjustment can be omitted. 




a: to collimeter lens (optical recording medium side) 



(54) OPTICAL READER 

(11) 63-211131 (A) (43) 2.9.1988 (19) JP 

(21) Appl. No. 62-44414 (22) 27.2.1987 
(71) SONY CORP (72) NORIYUKI YAMASHITA 
(51) Int. CI*. G11B7/09.G11B7/12 

PURPOSE: To improve the SN ratio of a reading signal and to effectively obtain 
a servo signal from an opposite side electrode by adding the reading signal 
with current on the anode side of a photodiode and extracting the current-added 

reading signal. n . nr 

CONSTITUTION: Anodes or cathodes of respective two photodiodes ua, jj^ 
and DB DD arranged on respectively diagonal positions out of four photodiodes 
DA-DD for detecting optical beams are connected and respective nodes are 
connected to operational amplifiers 31, 33 and 35, 37. Thereby, the 
photodetecting outputs of the diodes DA, DB are added about current on the 
anode side, and the added output the inverse of (SA+SB) is obtained from 
an output terminal 32 through the amplifier 31. Similarly an added output 
the inverse of (SC+SD) is obtained from an output terminal 34. Thereby, the 
S/N ratio of a reading signal can be improved by 3dB as compared to an ordi- 
nary case amplifying a reading signal by individual amplifiers and a servo 
signal is effectively obtained on the opposite side electrode. 
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(54) OPTICAL SYSTEM DRIVER 

(11) 63-211132 (A) (43) 2.9.1988 (19) JP 

(21) Appl. No. 62-43127 (22) 27.2.1987 „ TT ^ A/1 , 

(71) CANON ELECTRONICS INC (72) TAKESHI SAKUMA(l) 

(51) Int. CI 4 . G11B7/09 

PURPOSE: To .assemble the titled device within a short period without using 
a highly accurate jig by coupling a movable member with a base by three 
coupling members born by pivots and forming a prescribed elastic member. 

CONSTITUTION: The movable member 2a fixing an objective lens holder la 
is coupled with the spring base 5 by three coupling members 6a born by the 
pivots and the member 2a and the base 5 are excited in an mutually pulling 
direction by the tensile force of three coil springs 7a. A rubber damper 8a 
is fitted to the center of the coupling members 6 so as to have a dumping 
effect against torsion or vibration generated at the time of driving. The improve- 
ment of the link system can prevent the generation of sub-resonance or excess 
vibration mode, a highly accurate high can be omitted at the time of assembling 
by securing the accuracy of respective parts, and the assembling can be simply 
attained within a short time. 




a; (ocus direction, b; track direction 
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! (54) OPTICAL HEAD 

(57)Abstract: 

PURPOSE: To omit a coma aberration correcting 
optical element, to reduce the number of parts and to 
easily assemble the parts by forming a wave front phase 
correcting layer for correcting a coma aberration on the 
surface of an optical element for generating 
astigmatism. 

CONSTITUTION: The wave front phase correcting 
layer lb for correcting the coma aberration of the plate- 
like optical element (half mirror) 1 for generating 
astigmatism by passing a focus error detecting reflected 
beam from a recording medium is formed on the 
surface of the optical element 1 . Since harmful coma 
aberration secondarily generated by the optical element 
1 itself can be completely removed by its own optical 
element 1 through the correcting layer lb, ordinary 
coma aberration correcting optical parts can be omitted. 
Thereby, the number of parts can be reduced and 
assembling can be made easy because the optical 
element difficult in fitting adjustment can be omitted. 
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Japan Patent. Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The multilayer mirror for X-rays characterized by to have been formed on a substrate, and only for a 
predetermined angle to incline and form the front face of the aforementioned multilayer to the interface of each class 
which constitutes the aforementioned multilayer in the multilayer mirror equipped with the multilayer which comes by 
turns to carry out the laminating of the second layer which the first pass and the aforementioned difference which the 
difference of the rate of an optical refraction which has the wavelength of an X-ray field, and the refractive index in a 
vacuum turns into from the small matter become from the large matter 

[Claim 2] The multilayer mirror for X-rays characterized by setting up the aforementioned predetermined angle which 
the interface of each class and the front face of the aforementioned multilayer which constitute the period of the 
aforementioned multilayer and this so that the X-ray reflected on the front face of the aforementioned multilayer may 
be reflected along the direction of a normal on this front face of a multilayer in the multilayer mirror for X-rays 
according to claim 1 make. 

[Claim 3] The reflected type X ray mask which X-ray the non-reflecting section which does not reflect an X-ray in a 
part of aforementioned multilayer of the multilayer mirror for X-rays according to claim 1 is formed, and comes to 
form the aforementioned X-ray non -reflecting section in a predetermined pattern. 

[Claim 4] In the manufacture method of the multilayer mirror for X-rays equipped with the process which carries out 
the laminating of the second layer which the first pass and the aforementioned difference which the difference of the 
rate of an optical refraction which has the wavelength of an X-ray field, and the refractive index in a vacuum turns into 
from the small matter become from the large matter by turns on a substrate, and forms a multilayer The manufacture 
method of the multilayer mirror for X-rays characterized by preparing the substrate which has the inclined plane which 
inclines with a predetermined angle to a flat side and this flat side, forming the aforementioned first pass and the 
second layer by turns toward the aforementioned flat side from the aforementioned inclined plane, and forming the 
aforementioned multilayer. 

[Claim 5] In the manufacture method of the multilayer mirror for X-rays equipped with the process which carries out 
the laminating of the second layer which the first pass and the aforementioned difference which the difference of the 
rate of an optical refraction which has the wavelength of an X-ray field, and the refractive index in a vacuum turns into 
from the small matter become from the large matter by turns on a substrate, and forms a multilayer After forming the 
aforementioned first pass and the second layer by turns along the flat side established on the aforementioned substrate 
and forming the aforementioned multilayer, The manufacture method of the multilayer mirror for X-rays characterized 
by removing a part of aforementioned multilayer so that the interface of aforementioned each class and the front face of 
the aforementioned multilayer which constitute this multilayer may incline with a predetermined angle. 
[Claim 6] The manufacture method of the multilayer mirror for X-rays characterized by grinding the aforementioned 
multilayer along with the polished surface which makes a predetermined angle to the interface of aforementioned each 
class which constitutes the aforementioned multilayer in the manufacture method of the multilayer mirror for X-rays 
according to claim 5. 

[Claim 7] In the manufacture method of the multilayer mirror for X-rays according to claim 5, a cross-section V 
character type slot is arranged by the single dimension a fixed period. The manufacture method of the multilayer mirror 
for X-rays characterized by for one field preparing the substrate each other arranged in parallel, forming the 
aforementioned first pass and the second layer by turns along aforementioned one field of this substrate, and forming 
the aforementioned multilayer among the fields of the couple which constitutes each slot. 

[Claim 8] The manufacture method of the multilayer mirror for X-rays which shifts the cut aforementioned multilayer 
mutually in the direction of a laminating, joins, and is characterized by removing a part of joined multilayer in the 
manufacture method of the multilayer mirror for X-rays according to claim 5 after cutting the aforementioned 
multilayer in the thickness direction of the aforementioned multilayer with a substrate. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the reflected type mask in the X-ray 
projection exposure using the multilayer mirror for X-rays used for the catoptric system in the wavelength field of X- 
rays, such as X-ray projection exposure and an X-ray microscope, and this multilayer mirror for X-rays, and the 
multilayer mirror for X-rays. 
[0002] 

[Description of the Prior Art] This kind of multilayer mirror for X-rays carries out the laminating of two kinds of matter 
which a refractive index is large and is different by turns by the thickness of severalangstroms - dozens of A on a 
substrate, if the multilayer mirror for X-rays uses the interference effect of light reflected by many interfaces, 
wavelength of theta and an X-ray is set [ the length (cycle length) of one period of a multilayer ] to lambda for the 
incident angle of d and an X-ray and aBragg's condition (2d sintheta=nlambda) will be filled, it will come, and it 
shows a high reflection factor 

[0003] Drawing 1 1 is the outline cross section showing the conventional multilayer mirror for X-rays. In this drawing, 
an X-ray multilayer mirror is equipped with the multilayer 1 formed on the front face 5 of a substrate 2, and it comes by 
turns to form the layers 19 and 20 which consist of two kinds of matter with which a refractive index (namely, ratio of 
the rate of an optical refraction which has the wavelength of the X-ray field to the refractive index in a vacuum) is 
large, and these multilayers 1 differ. Since the conventional multilayer mirror for X-rays has the parallel interface 4 
(that is, interface of layers 19 and 20) of a multilayer 1 on the surface of [ 3 ] a mirror, it reflects an X-ray only in the 
symmetrical direction to the normal N of the front face 3 of a mirror. That is, incidence X-ray 6 and reflective X-ray 7 
are in a symmetric position on both sides of Normal N. Therefore, it is used for a multilayer mirror changing the sense 
to which light progresses like the mirror generally used to the light when a surface configuration is a flat surface, or 
changing the breadth of light in the case of a curved surface. Furthermore, it is applied also to the microscope for X- 
rays, or the image formation optical system of projection exposure by combining the multilayer mirror of a curved 
surface. 

[0004] The multilayer mirror for X-rays shown in drawing 1 1 can also be used as a mask in X-ray projection exposure. 
Conventionally, in X-ray projection exposure, the penetrated type mask which formed the desired pattern by the thin 
film member which consists of matter which cannot penetrate an X-ray easily on self-supported film (membrane) with 
a thickness of about 2 micrometers it is thin from the matter which an X-ray tends to penetrate has been used. However, 
this mask had troubles ~ it is easy to produce deformation by the heat generated when production of the mask of a large 
area being difficult and an X-ray are irradiated, since the intensity of a membrane is very weak. 
[0005] Then, in order to solve such a trouble, the reflected type mask as shown in drawing 12 (a), (b), and (c) is 
proposed. What drawing 12 (a) removed a part of multilayer 1 by etching etc., and formed the pattern, the thing which 
this drawing (b) carried out the laminating of the thin film 8 which absorbs an X-ray on a part of front face of a 
multilayer 1, and formed the pattern, and this drawing (c) form a pattern by the multilayer 26 which destroys a part of 
periodic structures of a multilayer 1 with an ion implantation etc. and by which periodic structure was destroyed. Since 
the thick substrate 2 can be used for each mask shown in drawing 12 (a), (b), and (c) instead of a thin membrane, the 
above-mentioned trouble is not produced. 
[0006] 

[Problem(s) to be Solved by the Invention] The schematic diagram of the optical system of X-ray projection exposure 
using the penetrated type mask and the reflected type mask is shown in drawing 4 . As for 9, in drawing 4 , a penetrated 
type mask and 10 are the reflected type masks with which illustrated an image formation side and 12 through the X-ray, 
and image formation optical system and 1 1 illustrated 13 by drawing 12 . With the penetrated type mask 9, since the 
transmitted light of X-ray 12 is used, it can arrange so that the flat surface (namely, front face of a mask 9) which a 



. pattern arranges as shown in drawing 4 (a) may become perpendicular to the optical axis of X-ray 12. On the other 
hand, with the conventional reflected type mask 13, since an incident light and the reflected light will lap if the front 
face (flat surface which a pattern arranges) of a mask 13 is made perpendicular to the optical axis of X-ray 12 (refer to 

" drawing 1 1 ), as shown in drawing 4 (b), the direction of a normal of the front face of a mask 13 must arrange a mask 
13 in the state where it inclined to the optical axis. 

[0007] Although the distance of each point of the front face of a mask 9 and the image formation optical system 10 is 
fixed in the case of the penetrated type mask 9, only the part which leans to the optical axis of X-ray 12 becomes 
therefore, less fixed in the case of the reflected type mask 13. Therefore, when the reflected type mask 13 is used, you 
have to have the big depth of focus to which the focus of image formation optical system 10 suits to the whole surface 
of the portion of a mask 13 or the mask 13 currently illuminated. The depth of focus D required of the image formation 
optical system 10 when the reflected type mask 13 is used is [Equation 1] when a mask 13 is made into the square of 
one side 1. 

D=l sin (90-theta) .... (1) theta: - it becomes the oblique incidence angle which X-ray 12 and the front face of a mask 
13 make (1) It is necessary to enlarge the depth of focus D, so that he can understand from a formula and a mask 13 
becomes large. Moreover, although the depth of focus D becomes small so that theta is close to 90 degrees, an 
experience top is difficult for making theta in practice larger than about 87 degrees from the limit by arrangement of an 
illumination system. For example, when carrying out X-ray reduction exposure of the pattern formed in the with an 
one-side square [ 10mm square ] reflected type mask 13 with optical system with a scale factors [ 1/5 ] and a resolution 
of 0.1 micrometers by theta= 87-degree arrangement, since the scale factor of 500 micrometers or more and the image 
formation optical system 10 is 1/5 in a mask side, the depth of focus D of the image formation optical system 10 is 
needed from (1) formula, more than 20 micrometer (=500x(l/5 On the other hand, in such image formation optical 
system 10, the realizable depth of focus D is 1 micrometer or less in an image side. Therefore, it is very difficult to 
produce the optical system which combines the above high resolutions and the big depth of focus. 
[0008] There is the method of exposing a large area by carrying out the scan of a mask and the wafer, illuminating 
some masks other than the method of carrying out package exposure of the above large areas to ring band-like as the 
method of exposure X-ray reduction projection exposure, and exposing a wafer (for example, refer to a Solid State 
Technology Japanese version, p. 19-25, and 1991 September). This method has the advantage that production of the 
image formation optical system which illuminates some masks to ring band-like is easy. When illuminating a mask to 
ring band-like, the width of face of **** is equivalent to 1 of the above-mentioned (1) formula. However, when, 
carrying out X-ray reduction exposure for example, using optical system with a scale factors [ 1/5 ] and a resolution of 
0.1 micrometers by the arrangement whose width of face of **** is 0.5mm and theta= 87 degrees, the depth of focus of 
optical system is needed more than 1 micrometer (500x (1/5)) by the wafer side. Therefore, when producing an aligner 
with optical system with a depth of focus of about 1 micrometer, a focus must suit only by one specific point, and a 
highly precise alignment precision with almost difficult realization is required. Although the depth of focus D can be 
made small and the burden to optical system can be made light if width of face of **** is made still smaller Since it is 
difficult for production of lighting optical system to become [ the width of face of **** ] small difficult by the bird 
clapper, and to reduce the X-ray intensity of the whole **** from the point of a throughput, If the width of face of **** 
becomes small, the irradiation X-ray intensity per unit area of the part mask will increase, and this will also produce the 
problem of the endurance of a mask. 

[0009] As mentioned above, in the X-ray projection exposure with the conventional reflected type mask, a high 
alignment precision was needed compared with the penetrated type mask, and there was a trouble of requiring the big 
depth of focus also of image formation optical system. 

[0010] The purpose of this invention is to offer the manufacture method of the possible multilayer mirror for X-rays of 
making the flexibility of the relative arrangement relation between a reflected type mask and image formation optical 
system increase, a reflected type mask, and the multilayer mirror for X-rays. 
[0011] 

[Means for Solving the Problem] this invention is applied to the multilayer mirror for X-rays equipped with the 
multilayer which comes by turns to carry out the laminating of the second layer which the first pass and the 
aforementioned difference which the difference of the rate of an optical refraction which has the wavelength of an X- 
ray field, and the refractive index in a vacuum turns into from the small matter become from the large matter on the 
substrate. And the above-mentioned purpose is attained when only a predetermined angle inclines and forms the front 
face of the aforementioned multilayer to the interface of each class which constitutes the aforementioned multilayer. 
Moreover, the aforementioned predetermined angle which the interface of each class and the front face of the 
aforementioned multilayer which constitute the period of the aforementioned multilayer and this so that the X-ray 
reflected on the front face of the aforementioned multilayer may be reflected along the direction of a normal on this 
front face of a multilayer make was set up. Furthermore, X-ray the non -reflecting section which does not reflect an X- 



. ray in a part of aforementioned multilayer of the multilayer mirror for X-rays was formed, formation formation was 
carried out and the aforementioned X-ray non-reflecting section was used as the reflected type mask at the 
predetermined pattern. 

" [0012] Moreover, since the above-mentioned multilayer mirror cannot be manufactured by the manufacture method of 
the conventional multilayer mirror, a method which is described below is needed. As one of the above-mentioned 
methods, the slit has been arranged on a substrate at the time of thin film formation of a multilayer mirror, and the 
method of moving it in parallel with a substrate front face was devised. 

[0013] First, the substrate 2 of a cross-section configuration as shown in drawing 6 (b) is prepared. A part of front face 
of this substrate 2 is formed in the inclined plane 16 which inclines at an angle of [ phi ] predetermined to other front 
faces (flat side) 17. This angle phi is made equal to the angle phi (refer to drawing 1 ) which the front face 3 of the 
multilayer mirror 14 for X-rays which should manufacture, and the interface 4 of a multilayer 1 make. Next, the slit 
board 1 5 as shown on this substrate 2 at drawing 6 (a) is arranged. Slit 1 5a of a plane view rectangle is formed in the 
slit board 15, and the width of face a of this slit 15a is t, then the following formula [several 2] about the thickness of 
the multilayer 1 whole. 

A=t/tan phi .... It is set by (2). On the contrary, the thickness t of a multilayer 1 can be adjusted by defining the size of 
a. The width of face b of the inclined plane 16 of a substrate 2 should be just larger than a. 

[0014] Next, the laminating of the multilayer 1 is carried out in the following procedures by the spatter etc. First, as 
shown in drawing 7 (a), the slit board 15 is arranged so that slit 15a may be located on the inclined plane 16 of a 
substrate 2. And carrying out the horizontal displacement of the slit board 15, the laminating of the spatter particle 18 is 
carried out to the front face 16 of a substrate 2 from slit 15a, the first pass 19 of a multilayer 1 is formed, as shown in 
drawing 7 (b), when the first pass 19 becomes the desired thickness dl, the membrane formation work of the first pass 
19 is suspended, and the horizontal displacement of the slit board 15 is stopped simultaneously. For the during-this- 
period and slit board 15, horizontal displacement is carried out at uniform velocity, and the speed is distance [several 

P=dl/sin phi .... It considers as the speed which broke (3) by time to form the first pass 19 further. 20 [ layer / second ] 
is formed carrying out the horizontal displacement of the slit board 15, similarly, as shown in drawing 7 (c), when 20 / 
layer / second ] becomes the desired thickness d2, the second layer of the membrane formation work of 20 is 
suspended, and the horizontal displacement of the slit board 15 is stopped simultaneously. Above, the laminating of the 
round term of a multilayer 1 can be carried out. The same operation as **** is repeated hereafter, and the multilayer 
mirror 14 for X-rays as shown in drawing 1 is obtained by carrying out the laminating of the multilayer 1 all over a 
substrate 2. Moreover, if the front face 3 of a mirror 14 is ground after membrane formation, surface roughness 
becomes small and can improve the reflection factor of a mirror 14. 

[0015] The multilayer 1 produced by the above-mentioned method has the fixed thickness within a mirror side like the 
conventional multilayer 1 . Therefore, it is not concerned with the size of thickness but the reflection factor within a 
field is fixed. Moreover, a multilayer which will be easy to exfoliate if thickness is enlarged according to internal stress 
being large, since arbitrary thickness can be chosen can also be produced by making the thickness small. When using 
the multilayer mirror 14 for X-rays shown in drawing 1 as a reflected type mask 13, pattern formation is possible by the 
same technique as the conventional mask 13 shown in drawing 12 . 

[0016] Moreover, there is the method of removing from the multilayer mirror manufactured as usual as the another 
manufacture method, after forming a part of multilayer. The following methods are included in this method. One is the 
method of leaning and arranging the formed multilayer mirror to a multilayer front face, and grinding the front-face 
side of a multilayer. As shown in drawing 8 (a), on the substrate 2 of the cross-section configuration by which the front 
face 16 was formed in the inclination flat surface to which only the angle phi inclined to base 2a of a substrate 2, by the 
spatter etc., this method carries out the laminating of the multilayer 1, as first shown in drawing 8 (b), as shown at 
drawing 8 (c), grinds the front face aslant, and removes a part of multilayer 1 21 aslant. 

[0017] Although the angle phi which the front face (inclined plane) 16 of a substrate 2 makes is equal to the angle 
which the front face 3 of a mirror 14 and the interface 4 of a multilayer 1 make, this is because a polished surface is 
made parallel and can be performed to base 2a of a substrate 2 in the work which removes a part of multilayer I 21 by 
polish. Therefore, without making the front face 16 of a substrate 2 incline, membranes may be formed to an parallel 
flat-surface substrate, and only an angle phi may lean and grind it. Moreover, this method has the feature that the 
multilayer mirror of what must carry out the stacked-volume layer of many multilayers if an angle phi becomes large 
can be manufactured very easily. Therefore, this method is suitable for manufacture of a mirror with a small angle phi, 
and a mirror with a small area. 

[0018] The another manufacture method is the method of forming a multilayer 1 on the substrate 2 which has a cross- 
section configuration as shown in drawing 9 (a). That is, on this substrate 2, as the substrate 2 in which one front face 
22 was formed mutually and in parallel among two front faces 22 and 23 which arranges the V character type slot G to 



, a single dimension a fixed period so that a field parallel to base of substrate 2 2a on the front face of a substrate 2 may 
not remain, and constitute each slot G is prepared and it is shown in drawing 9 (b), the laminating of the multilayer 1 is 
carried out by the spatter etc. If polish etc. is given to the front face of a multilayer 1 and it removes surface [ a part of] 

• after carrying out a laminating, the multilayer mirror 14 as shown in drawing 9 (c) will be obtained. This method has 
the feature that few laminatings may be compared with the above-mentioned method (method according to claim 6), 
when obtaining the thickness t of the same multilayer 1 . Therefore, a mirror with a big angle phi and a mirror with a big 
area can be manufactured easily. Moreover, if the direction of incidence of the laminating particle 18 is made parallel 
on a front face 23 by the spatter etc., a particle will not adhere to the substrate side 23, but it will be easy to obtain the 
mirror of a high reflection factor. Moreover, although the reflection factor of the multilayer mirror 14 becomes small in 
the position of each peak 24 of a substrate 2 when there are few number of layerses, if a number of layers is made 
[ many / sufficiently ], a reflection factor will be saturated and the reflection factor of a mirror 14 will become fixed in 
a field. Since the reflection factor of a mirror 14 furthermore serves as the maximum at this time, as for a number of 
layers, it is desirable to make it the grade with which a reflection factor is saturated. 

[0019] Moreover, the another manufacture method is a method of manufacturing the multilayer mirror 14 as set to two 
or more mirror 14a which cuts the conventional multilayer mirror as shown in drawing 11 by the cutting plane 25 
which met in the thickness direction as shown in drawing 10 (a), and has minute width of face, shifted and joined them 
in the direction of a laminating of a multilayer 1 as again shown in drawing 10 (b), ground a front face and shown in 
drawing 10 (c). The amount q to shift is the following formula [several 4]. Q=rtan phi .... It is given on the square 
which the width of face of the mirror of which (4) rxutting was done, and the interface 4 of the phi:multilayer 1 make, 
and, as for the thickness t of a multilayer 1, it is desirable that it is larger than q. These methods are applicable not only 
to a flat-surface substrate but a curved-surface substrate. 
[0020] 

[Function] In this invention, as shown in drawing 1 , to the reflector (interface) 4 of each class 19 and 20 from which 
the mirror front face 3, i.e., a multilayer front face, constitutes a multilayer 1, only an angle phi inclines and is formed. 
Therefore, unlike the angle theta of X-rays 6 and 7 to the reflector 4 of a multilayer 1, angle thetal to the mirror front 
face of an incidence X-ray and a reflective X-ray and thetaR become theta I=theta-phithetaR==theta+phi. Thereby, the 
multilayer mirror 14 by this invention can reflect X-ray 6 asymmetrically to the mirror front face 3. The schematic 
diagram of an X-ray projection aligner using the reflected type mask 13 which formed the pattern in the multilayer 
mirror 14 by this invention as shown in drawing 2 and drawing 3 is shown in drawing 4 (c). Angle thetaR of a 
reflective X-ray can be made into 90 degrees by setting up suitably the period of a multilayer 1, and inclination phi of a 
multilayer 1. Thereby, a mask 13 can be arranged so that the front face of a mask 13 may become perpendicular to the 
optical axis of the image formation optical system 10. 

[0021] In addition, although drawing of an example was used by the term of the above-mentioned The means for 

solving a technical problem explaining the composition of this invention, and an operation in order to make this 

invention intelligible, thereby, this invention is not limited to an example. 

[0022] 

[Example] 

- 1st example- drawing 2 is the outline cross section showing the 1st example of this invention. This view shows the 
reflected type mask which formed the multilayer 1 in the shape of [ desired ] a pattern on the substrate 2. 3 degrees of 
interfaces 4 of a multilayer lean to the front face (that is, multilayer front face 3) of a reflective mask, or the front face 5 
of a substrate. The manufacture method of this reflected type mask is explained below. 
[0023] First, the substrate 2 of a configuration as shown in drawing 6 (b) is prepared. Although surface size is 
20x20cm, 3 degrees of this substrate 2 lean to the front face 17 of others [ front face / the / (inclined plane) / a part of / 
16 ]. Next, the slit board 15 with which slit 1 5a of a rectangle as shown in drawing 6 (a) was formed on this substrate 2 
has been arranged. Although the width of face a of this slit 15a should just be below the width of face b of an inclined 
plane 16, by this example, a and b set it to 6.2 micrometers. Next, the laminating of the multilayer (Mo/Si) 1 which 
consists of a molybdenum layer 19 and a silicon layer 20 was carried out by the spatter, carrying out the horizontal 
displacement of the slit board 15. The thickness dl and d2 of molybdenum and silicon could be 25 or 42A, 
respectively. Above, the multilayer mirror 14 for X-rays as shown in drawing 1 is obtained. Next, etching removed a 
part of this multilayer 1 . First, the resist was applied to the front face of a mirror 14, and the pattern of 0.5 micrometers 
of minimum line widths was printed by the reduction projection aligner which used ultraviolet rays for this. The resist 
was removed after ********* *i n g a multilayer by the ion milling system furthermore. The reflected type mask 13 as 
shown in drawing 2 was obtained the above result. In addition, the surface portion 16 to which the substrate 2 inclined 
is not used as a mirror 14 and a reflected type mask 13. 

[0024] The wavelength of 130A and the soft X ray 6 of 0.5x0. 5mm of beam sizes were irradiated at this mask, and 
reduction exposure was carried out on the silicon wafer which applied the resist with the resolution of 0. 1 micrometers, 



, scale factors 1/5, and the optical system 10 with a depth of focus of 1 micrometer. At this time, the mask 13 has been 
arranged so that the reflected light 7 of a mask 13 may become perpendicular to a mask front face (mirror front face 3) 
(refer to drawing 2 ). Consequently, the 0. 1 -micrometer pattern was formed in the 0. 1x0. 1mm field. Furthermore, the 

* same result was obtained even if it moved **0.5 micrometers of wafers perpendicularly to the optical axis. 
[0025] Although what is equivalent to drawing 12 (a) as a pattern of a mask was produced in this example, the mask by 
this invention can be adapted not only for such a pattern configuration but the mask of the thing equivalent to drawing 
12 (b) and (c), or a gestalt similar to these. Moreover, the mask by this invention can be adapted not only for a flat- 
surface mask like this example but the mask of a curved-surface configuration. 

[0026] - 2nd example- drawing 3 is the outline cross section showing the 2nd example of this invention. The laminating 
of the multilayer 1 is carried out on the substrate 2 of a cross-section configuration which is illustrated, and this view 
shows the reflected type mask 13 with which it comes to form the X-ray absorption object 8 in the front face 3 at a 
desired pattern. 3 degrees of interfaces 4 of a multilayer 1 lean to the front face 3 of the reflected type mask 13. The 
manufacture method of this reflected type mask is explained below. 

[0027] First, the substrate 2 which has a cross-section configuration as shown in drawing 9 (a) is prepared. The value of 
q and r of this substrate 2 was set to 0.52 micrometers and 10 micrometers, respectively. Moreover, the angle which the 
front faces 22 and 23 which form Slot G make was made into 90 degrees. Next, the 150 pair laminating of the 
multilayer 1 which consists of a molybdenum layer 19 and a silicon layer 20 was carried out the period of 64 A by the 
spatter. By this example, in order that the spatter particle 18 might jump out to the perpendicular direction of a target 
most mostly, it has arranged and the sputtering system used by this example formed membranes so that the 
perpendicular direction of a target and a front face 22 might cross at right angles so that this perpendicular direction and 
the front face 23 of a substrate might become parallel that is,. Next, it ground so that the front face 3 of a multilayer 1 
might turn into a flat surface, and the multilayer mirror 14 for X-rays was manufactured. Next, the pattern of an 
absorber 8 was formed in the front face 3 of this mirror 14. First, lOOnm of gold was deposited as an absorber 8 on the 
front face 3 of a mirror 14. And the resist was applied to the front face 3 of a mirror 14, and the pattern of 0.5 
micrometers of minimum line widths was printed by the reduction projection aligner which used ultraviolet rays for 
this. The resist was removed after **********i n g a golden vacuum evaporation© film by the ion milling system 
furthermore. The mask as shown in drawing 3 was obtained the above result. 

[0028] When the same exposure experiment as an example 1 was conducted about this mask, the same result as an 
example 1 was obtained. Moreover, the mask by this invention can be adapted not only for a flat-surface mask like this 
example but the mask of a curved-surface configuration. In addition, in this example, the front faces 22a and 22b of 
******** G and interface 4 of the multilayer 1 formed on 22c may not be in agreement. In this case, each front faces 
22a and 22b and near the boundary section (a dotted line B shows to drawing 9 ) of the multilayer 1 on 22c, the 
reflective conditions of a multilayer 1 may not fully be fulfilled. However, the field where reflective conditions are not 
fulfilled can be made sufficiently small by setting up suitably the angle phi which the period and the multilayer 
interface 4 of a multilayer 1 make, and when it is used as a mask 13, there is no possibility of affecting the image. 
[0029] - 3rd example- drawing 8 (c) is the outline cross section showing the 3rd example of this invention. The 
laminating of the multilayer 1 is carried out on the substrate 2, and 5 degrees of interfaces 4 of a multilayer 1 lean to the 
front face 3 of a mirror 14 at this time. Below, the manufacture method of this multilayer mirror 14 is explained. 
[0030] First, as shown in drawing 8 (a), to base 2a, 5 degrees of front faces 16 inclined, they were formed, and the 
45800 pair laminating of the multilayer (Mo/Si) 1 to which the area of a front face 16 consists of a molybdenum layer 
19 and a silicon layer 20 on the 5x substrate 2 which is 5mm was carried out the period of 96A by the spatter. Next, 
polish removed a part of this multilayer 1 21 so that the front face 3 of a multilayer 1 might become parallel to base 2a 
of a substrate 2. 

[0031] When the wavelength of 130A and the soft X ray 6 of 3x3mm of beam sizes which were collimated by this 
multilayer mirror 14 were irradiated at incident angle thetal=40 degree, as shown in drawing 5 , X-ray 7 reflected in the 
angle-of-reflection thetaR=50 degree direction. Furthermore, the beam size of reflective X-ray 7 increased to 3. 6x3 mm. 
From this, it was checked that this multilayer mirror 14 works as a beam expander. 

[0032] - 4th example- drawing 10 (c) is the outline cross section showing the 4th example of this invention. This view 
shows the multilayer mirror 14 for X-rays in which the multilayer 1 is carrying out the laminating on the substrate 2 of 
a cross-section configuration as shown in drawing 10 (c). 5 degrees of interfaces 4 of a multilayer 1 lean to the front 
face 3 of a mirror 14. The manufacture method of this multilayer mirror is explained below. 

[0033] First, the multilayer mirror which has a cross section as shown in drawing 1 1 is prepared. A multilayer 1 is a 
multilayer which consists of the molybdenum layer 19 and the silicon layer 20 of the period of 96A, and 1000 pairs, 
and was produced by the spatter. By the diamond cutter, this multilayer mirror was cut along with the cutting plane 25, 
as shown in drawing 10 (a), and two or more cutting mirror 14a was produced. At this time, width of face r of each 
mirror 14a was set to 100 micrometers. Next, as shown in drawing 10 (b), these mirrors 14a was joined so that 8.75 



, micrometers of front faces of ****** mirror 14a might shift in the direction of a laminating of a multilayer 1 . 
Furthermore, the multilayer mirror 14 for X-rays as ground a mirror 14 and shown in drawing 10 (c) so that a front face 
3 and rear-face 2a may become a flat surface was obtained. When the same experiment as an example 3 was conducted 

* by this mirror 14, it turns out that it works as a beam expander like an example 3. 
[0034] In addition, the details are not limited to each above-mentioned example, but various modifications are possible 
for the multilayer mirror for X-rays of this invention etc. As an example, a multilayer is not restricted to the 
combination of the molybdenum mentioned by this example, and silicon. Moreover, an angle phi is not restricted to the 
value of this example. 
[0035] 

[Effect of the Invention] As mentioned above, according to this invention, an X-ray can be asymmetrically reflected to 
a mirror front face by the multilayer mirror for X-rays. Therefore, if the reflected type mask for X-ray projection 
exposure is manufactured using the multilayer mirror for X-rays by this invention, the angle to the mirror front face of 
the reflected light can be made into 90 degrees. Therefore, the limit to alignment precision, lighting optical system, 
image formation optical system, etc. resulting from a mask can be made small. Moreover, by choosing suitably the 
angle on the front face of a multilayer to the interface of each class which constitutes the period of a multilayer, and a 
multilayer, it has a specific incident angle, and it becomes possible to reflect the X-ray which carries out incidence on 
arbitrary outgoing radiation squares, and the flexibility of arrangement of lighting optical system, image formation 
optical system, and a reflected type mask can be increased. Moreover, compared with an incident light, it is made small 
or the multilayer mirror for X-rays by this invention can enlarge the beam size of the reflected light. Therefore, the light 
emitted from synchrotron radiation with the fault that the beam cross section is very small can also enlarge the cross 
section by this mirror. When it follows, for example, this mirror is used for lighting optical system in X-ray projection 
exposure, there is an effect of being able to illuminate the latus field of a mask. 
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Japan Patent Office is not responsible for any 
' damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section showing the multilayer mirror by this invention. 

[Drawing 2] It is the outline cross section showing the reflected type X ray mask which is the 1st example of this 

invention. 

[Drawing 3] It is the outline cross section showing the reflected type X ray mask which is the 2nd example of this 
invention. 

[Drawing 4] (a) is the conceptual diagram of the reduction aligner using the reflected type mask according [ mask / 
penetrated type / (c) ] the conventional reflected type mask to this invention in (b). 

[Drawing 5] It is drawing showing change of the cross section of the incidence and the reflective beam in the multilayer 
mirror by this invention. 

[Drawing 6] The outline perspective diagram showing the slit to which (a) is used for manufacture of the reflected type 

X ray mask of the 1 st example, and (b) are the outline perspective diagrams showing a substrate. 

[Drawing 7] It is the schematic diagram showing the manufacturing process of the reflected type X ray mask of the 1st 

example. 

[Drawing 8] It is the schematic diagram showing the manufacturing process of the multilayer mirror of the 3rd 
example. 

[Drawing 9] It is the outline cross section showing the manufacturing process of the reflected type X ray mask of the 
2nd example. 

[Drawing 10] It is the schematic diagram showing the manufacturing process of the multilayer mirror of the 4th 
example. 

[Drawing 1 1] It is the outline cross section showing the conventional multilayer mirror. 
[Drawing 12] It is the outline cross section showing the conventional reflected type X ray mask. 
[Description of Notations] 
GSlot 

1 Multilayer 

2 Substrate 

3 Mirror Front Face 

4 Interface of Multilayer (Reflector) 

5 Substrate Front Face 

6 Incidence X-ray 

7 Reflective X-ray 

8 Absorber 

10 Image Formation Optical System 

12 X-ray 

13 Reflected Type Mask 

14 Multilayer Mirror 

15 Slit Board 
15a Slit 

16 Inclined Plane 

17 Flat Side 

18 Spatter Particle 

19 Molybdenum Layer 

20 Silicon Layer 

21 A Part of Multilayer 



t 22 23 Front face 
■ 25 Cutting Plane 
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